Introduction Defensins are cytotoxic peptides and have a well-defined role in host defense. Human alpha defensins 1-3 (HNP1-3) are primarily produced by peripheral neutrophils and constitute about 50% of the azurphil granule protein. Studies have suggested that peripheral neutrophils and the resident neutrophils in the ovary enhance the release of IL-8 and TNF-α that play a role in ovulation and influence fertilisation rate and IVF outcome. The production of HNP1-3 by follicular fluid and its role in ovulation has never studied. The aim of this study was to demonstrate the presence of HNP1-3 in follicular fluid and to ascertain its correlation with fertilisation rate and IVF outcome. Method Women attending the Reproductive Medicine Unit at Liverpool Women's Hospital UK, for IVF treatment were invited to participate in the study. Sixty-three patients were recruited for the study and underwent controlled ovarian stimulation and oocyte retrieval according to the unit's protocol. Fluid from the first follicle only was collected to minimise blood contamination of the sample and HNP1-3 was estimated using ELISA technique. Results HNP1-3 was detected in follicular fluid samples. The concentration did not correlate with the fertilisation rate (r = 0.01). The concentrations were also not significantly different in the women who did or did not become pregnant following treatment. Subgroup analysis showed that women with endometriosis were not more likely to have higher levels of the HNP1-3 when compared with controls (male factor infertility group). Conclusion This is the first study to show the expression of HNP1-3 in follicular fluid. HNP1-3 concentrations did not correlate with fertilisation rate or IVF outcome. It did not show an increased expression of HNP1-3 in fluid collected from women with endometriosis suggesting that inflammatory processes associated with endometriosis do not influence HNP1-3 concentration in the follicular fluid. Further studies to evaluate the correlation between HNP1-3 and IL-8 and TNF-! may clarify the role of defensins in ovulation.
Introduction
Defensins are cytotoxic peptides which have a well-defined role in host defense mechanisms [1] . Alpha-and betaazurphil granule protein [1] . Previous studies measuring neutrophil related cytokines IL-8 and G-CSF (granulocyte colony-stimulating factor) have shown significant correlation between the level of defensins and these cytokines in pleural fluid from patients with empyema of bacterial origin suggesting that alpha-defensins production is restricted to neutrophils [3] [4] [5] .
Like other cationic antimicrobial peptide families, HNP1-3, have other roles in the immune response in addition to antimicrobial activity [6] . Defensins induce production of IL-8 from epithelial cells, act as a chemotactic factor for T cells and enhance cytokine activity in general [1] . Modulation of IL-8 in cell cultures suggest that it may play an important role in ovulation such as aiding follicular rupture and corpus luteum neovascularisation [7] . Ujiko et al. [8] showed that neutralisation of IL-8 inhibited hCG-induced ovulation as well as neutrophil infiltration into rabbit ovaries.
The ovary is not an immunologically exclusive organ and a variety of leucocyte subsets including mast cells, eosinophils, neutrophils, macrophage/monocytes and lymphocytes are known to be present in the ovarian follicle through various stages of its development from immaturity to the formation of the corpus luteum [9] [10] [11] [12] [13] [14] [15] . Neutrophils are present in the medulla, theca, follicular fluid and corpus luteum [16] . The resident neutrophils in the ovary are thought to release TNF-! and IL-1 that contribute to the rupture of the follicular envelopes at ovulation and have been shown to increase the ovulation rates in rabbit ovaries [11, 17] . Follicular fluid levels of IL-1 and TNF-! are found to be higher in women undergoing ovulation induction with gonadotrophins as compared with natural unstimulated cycles [18] .
Studies on patients undergoing in-vitro fertilisation (IVF) cycles have shown that IL-1 levels in the follicular fluid to be significantly higher in implantation cycles than in nonimplantation cycles [19] . However, in addition to neutrophils, other resident leucocytes-monocytes, macrophages, and even the ovarian stromal and thecal cells could be the source of IL-1.
All these studies provide evidence of the role of the secretory products of neutrophils i.e. IL-1, TNF-! and IL-8 in the process of ovulation. Herriot et al concluded that follicular fluid exerts chemotactic activity toward neutrophils, the concentration of this activity is related to IVF outcome [20] . It is therefore possible that the resident ovarian neutrophils also produce HNP1-3 that may influence IVF outcome.
The production of alpha-defensins by ovarian neutrophils and their role in ovulation whether direct or indirect, has not yet been studied. This study was undertaken to ascertain if the resident neutrophils of the ovary produce HNP1-3 and whether their presence correlates with IVF outcome.
Materials and methods
The Liverpool Research Ethics Committee granted permission for the project. Women attending the Reproductive Medicine Unit at Liverpool Women's Hospital for IVF and ICSI treatment were invited to participate in the study. An information sheet was given to all women, and informed written consent was obtained from those agreeing to take part.
Sample collection
Sixty-three patients were recruited for the study. According to the unit's protocol, oocyte collection was performed using an aspiration needle (Wallace Ltd., Hythe, Kent, UK) under ultrasound guidance with the patient under sedation. The choice of a single-or double-lumen aspiration needle was determined by the total number of follicles of size 16mm or above, present for aspiration. The presence of less than eight to ten follicles of sizes 16mm or over usually meant aspiration using a double-lumen needle to allow flushing of the follicle and ensure retrieval of the oocyte. Follicular fluid from the first follicle only was collected to minimise blood contamination of the sample with peripheral neutrophils that might affect the HNP1-3 levels. Within 20min of collection, the sample was centrifuged at 300rpm for 10min and the supernatant aliquoted and frozen at −20°C until HNP1-3 concentration was measured by enzyme-linked immunosorbent assay (ELISA).
ELISA technique
Human HNP1-3 was measured by the commercial ELISA test kit (HyCult Biotechnology b.v., Uden, The Netherlands). The samples and standards were first incubated in antibody coated wells recognising HNP1-3 for 1h at room temperature. The plate was then washed four times with 200μl of the wash buffer to remove unbound material and 100μl of biotinylated second antibody was added to each well. Following further incubation for an hour at room temperature, the wells were washed to remove excess of the second antibody. One hundred microlitres of diluted streptavidin-peroxidase conjugate was then applied to the wells to react specifically with the biotinylated antibody bound onto the detected HNP1-3. Following the standard incubation for an hour at room temperature, the excess streptavidin-peroxidase conjugate was washed away and substrate tetramethylbenzidine (TMB) was added to the wells. The enzyme reaction was stopped by addition of citric acid and absorbance was measured at 450mm in a plate reader.
A standard curve was obtained by using defined standards and the HNP1-3 concentrations were determined from this curve. StatsDirect statistical software, Stats Direct Limited, version 2.3.3 was used for analysis. Statistical analysis was performed using the Mann-Whitney U test for continuous variables and the χ 2 for categorical variables. Mann-Whitney U test was performed to investigate the difference in expression of follicular fluid HNP1-3 between the groups of women who did and did not achieve biochemical pregnancy following IVF-ICSI treatment. The Spearman's correlation coefficient was used to determine any correlation between follicular fluid levels of HNP1-3 and fertilisation rates.
Results
A total of 63 women were recruited and follicular fluid samples collected. Of these 42 (67%) samples were visibly clear at the time of collection. The remaining 20 (32%) samples were faintly bloodstained initially and clear following centrifugation. One sample had haemolysed following centrifugation and was discarded.
The cause of infertility was male factor in 44%, endometriosis in 11%, tubal factor in 18%, unexplained in 19% and anovulation in 8% of couples. The mean age of the women undergoing treatment was 34years. There was no age difference between women who conceived and those who did not. In 60 women (97%) successful fertilisation occurred, with a mean fertilisation rate of 61.7% (SD: 23.6), while two women (3%) experienced failed fertilisation (Table 1) .
Measured HNP1-3 levels in the study population showed a non-normal distribution and had a median (IQR) of 0.69 (0.40, 1.54). The HNP1-3 levels in the samples that were visibly clear at the time of collection (n = 42) was compared with the samples that were lightly bloodstained prior to centrifugation (n = 20). The median and interquartile range of HNP1-3 level in the clear samples was 0.55pg/ml (IQR: 0.38, 1.24) and that of the initially bloodstained samples was 1.07pg/ml (IQR: 0.43, 4.15). The concentrations in the two groups did not reach statistical significance with a p value of 0.07 (Table 2) .
Data regarding whether the first follicle yielded an oocyte was recorded for 31 (50%) patients. Of these, 18 (58%) contained an oocyte and 13(42%) did not. HNP1-3 concentration in the follicle that yielded an oocyte was similar to that of the follicle that did not yield an oocyte with a p value 0.5 ( Table 2) .
The expression of HNP1-3 in the non-pregnant group had a median and interquartile range (IQR) of 0.73 (IQR: 0.44, 2.13) and that of the pregnant group was 0.57 (IQR: 0.38, 1.29). There was no significant difference in the HNP1-3 levels in the pregnant and the non-pregnant groups p value = 0.4 ( Fig. 1 ). HNP1-3 is known to increase in infections where inflammatory products are released. It was hypothesised that concentration of HNP1-3 would also be increased in women suffering from pelvic and ovarian endometriosis (n = 7). Couples undergoing treatment for male factor infertility were used as control group (n = 31) for comparison. There was no significant difference in expression of HNP1-3 in these two groups with a p value of 0.5.
No correlation existed between HNP1-3 concentrations in the follicular fluid and fertilisation rates r = 0.01 (Fig. 2) .
Discussion
This is the first study to show the expression of HNP1-3 in follicular fluid. However, a wide variation was observed in the HNP1-3 concentration in the samples. HNP1-3 concentrations from the follicular fluid samples that were initially bloodstained were similar to that of the visibly clear samples. Although red cell count of the fluid was not performed, our results strongly suggest that the origin of HNP1-3 in the follicular fluid is the resident neutrophils of the ovary.
The HNP1-3 level in the follicular fluid did not correlate with the pregnancy outcome following IVF treatment or with the fertilisation rates. Normally, fertilisation rate is calculated from the cumulative count of all the oocytes collected, whereas our study analysed fluid from the first follicle only. The embryo derived from the follicle in question was not necessarily replaced into the uterus. This may explain the absence of correlation between HNP1-3 concentration and fertilisation rates and pregnancy outcome. Analysis of pooled follicular fluid was avoided to minimise peripheral blood contamination of the sample. Sampling fluid from each follicle separately and tracking of each oocyte and embryo derived from it individually could be more conclusive but this was outside the scope of this study.
Concentrations of HNP1-3 did not also appear to be influenced by oocyte recovery from the follicle. Retrieval of an oocyte from a follicle essentially involves its mechanical dislodging by vacuum suction of the follicular fluid and is not always successful. This could explain similar concentrations of HNP1-3 in all follicles irrespective of oocyte retrieved from them.
This study did not show an increased expression of HNP1-3 in fluid collected from women with endometriosis as compared with women who did not. This suggests that the inflammatory processes associated with endometriosis do not influence HNP1-3 concentrations in the follicular fluid. It also cannot be attributed to the collection procedure itself as the fluid was removed before any inflammatory reaction could begin. This observation was similar to the results of a previous study done in our unit on IL-8 concentration in women with endometriosis [21] .
The presence of HNP1-3 in follicular fluid therefore would suggest a likely role in ovulation. Ovulation has been recognised as an inflammatory process [22] . Ovarian IL-8 has been observed to be chemotactic for neutrophils and is also a potent angiogenic, pro-inflammatory, growthpromoting cytokine [23] . Bukulmez and Arici [16] have shown that local migration of neutrophils is hormonally regulated through local modulation of IL-8. Further studies investigating the correlation between HNP1-3 and other cytokines (IL-8 and TNF-α) known to have a more definitive role in ovulation may provide further information regarding the role of the defensins in folliculogenesis and ovulation. 
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